Different combinations of plant growth regulators were tried on in vitro gynogenesis by flower bud and ovary culture for two open pollinated Turkish onion cultivars, "Bayram 1" and "Yakut" and a synthetic population of "OH-1", which serves as a responsive control for extraction of gynogenic haploids of onion for two years (2011 and 2012). In 2011, modified Dunstan and Short (BDS) medium supplemented with 1 and 2 mg L -1 of 2,4-dichlorophenoxyacetic acid (2,4-D) and 6-benzylaminopurine (BAP) and their combinations were used. Taking into account the first year results, combinations of 2 mg L -1 2,4-D and 1 and 2 mg L -1 of BAP were used in second year experiment. Auxin (2,4-D) and cytokinin (BAP) combined together induced callus development in two onion cultivars (Bayram 1 and Yakut), but haploid plants were obtained only from "OH-1" with 2 mg L -1 of 2,4-D and 1 mg L -1 of BAP combination. Results showed that genotype is more important factor for inducing in vitro gynogenesis than plant growth regulators.
INTRODUCTION
In vitro techniques are important in obtaining haploid plants and decreasing the duration of onion breeding studies. There are different methods for inducing in vitro haploid production in onions, but only gynogenesis has been reported to be successful in Allium (Muren, 1989; Campion and Alloni, 1990; Keller, 1990a, b; Mukhambetzhanov, 1997; Javornıik et al., 1998; Bohanec and Jakse, 1999; Hassandokht et al., 2000; Jakse et al., 2002; Szulc et al., 2002; Alan et al., 2003 Alan et al., , 2004 Musial et al., 2005; Geoffriau et al., 2006; Sulistyaningsih et al., 2006; Forodi et al., 2009) . In recent studies, ovary or flower bud culture was effective both for embryo yield and less labor for inducing gynogenesis in onions (Fayos et al., 2015) . Although, gynogenesis induced haploidy, low success rate of variety, mother plant genotype and growing conditions, in vitro production media and supplementation plant growth regulators are the main effective factors (Anandhan et al., 2014; Mishra and Goswami, 2014 ). The availability of laboratory protocols for onion double haploid production represents a unique opportunity to have completely homozygous and stable inbred lines. To include gynogenesis protocols to *Corresponding author: E-mail: faikayarali@gmail.com.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License breeding programs, genotype and optimization of different labaratory conditions are important. Gynogenesis frequency of Turkish onion cultivars has not yet been evaluated. For this reason, the present study aims to obtain haploid plants via flower bud or ovary culture supplemented with plant growth regulators by combining auxin (2,4 D) and cytokinin (BAP) in two Turkish onion cultivars.
MATERIALS AND METHODS

Plant material
Two onion cultivars, one with brown shell color (Bayram 1) and the other, red shell color (Yakut) were used as genetic material in both experimental years. "Onion haploid (OH) -1, a long-day synthetic population intended to serve as a responsive control for extraction of gynogenic haploids of onion (Havey and Bohanec, 2007) , was used as control in the second experimental year. Seeds of OH-1 were kindly provided by Dr. Michael J. Havey (The University of Wisconsin-Madison, USA). Bulbs of three varieties were planted in Vegetable Research and Application Garden of Horticulture Department of Agriculture Faculty, University of Ankara in both experimental years. Drip irrigation system was used for the irrigation of plants. In order to encourage the development of mother plants, 350 to 400 g L -1 of fertilizer (Novachem 18-18-18+ME) was applied with drip irrigation.
In vitro culture
Dunstan and Short (BDS) medium was used for induction of gynogenic embryos (Keller, 1990a; Bohanec and Jakse, 1999; Puddephat et al., 1999; Alan et al., 2003 Alan et al., , 2004 Musial et al., 2005; Cho et al., 2006; Fayos et al., 2015) . BDS medium was supplemented with 1 to 2 mg L -1 of 2,4-dichlorophenoxyacetic acid (2,4-D) and 1-2 mg L -1 of 6-benzylaminopurine (BAP) and both were used in the first experimental year (2011). 2 mg L -1 of 2,4-D and 1 mg L -1 and 2 mg L -1 of BAP were used in induction medium in the second year. All media were adjusted to pH 6.0 and were solidified with 7.2 g L -1 Phytagar (Bohanec and Jakse, 1999; George et al., 2008) . To increase the efficiency of embryo yield in vitro gynogenesis, 5 and 10% of sucrose doses were used as carbohydrate source in induction medium in the first experimental year (Muren, 1989; Bohanec and Jakse, 1999; Judkevieiene et al., 2005; Musial et al., 2005) . In the second year, according to the rate of callus development of explants 5% sucrose dose was preferred. All media were sterilized by autoclaving for 20 min at 121°C.
To determine the more effective method for gynogenesis induction, both flower bud culture and ovary culture were used for two onion cultivars cv. "Bayram 1" and cv. "Yakut" in the first experimental year. According to the results of the first year experiments, only flower bud culture was used in 2012. Whole umbels or individual flower buds were dipped in 70% ethanol for 3 min, sterilized in 15% clorox (0.9% sodium hypochlorite) + 0.1% Tween-20 for 30 min. They were stirred and rinsed three times with sterile double distilled water.
After cutting, stalks of flower buds and isolated ovaries were placed in Petri plates containing 20 mL of induction medium (25 explants/plate) using a laminar flow cabinet in sterile conditions. Petri plates were sealed with stretch film and cultured at 25°C under cool white fluorescent with 16:8 (LD) h photoperiod (Puddephat et al., 1999; Alan et al., 2003; Sulistyaningsih et al., 2006) . Developing explants were transferred to B1 medium supplemented with 1 mg L -1 of NAA (naphthaleneacetic acid) and 2 mg L -1 of 2iP (ısopentyladenine) and 100 g L -1 sucrose for 6 to 7 weeks after initial culture on BDS medium (BDS/B1). Emerging plantlets or excised gynogenic plantlets were transferred to plates of elongation medium (EM). EM is a modified BDS medium containing half strength major and minor salts, without growth regulators and 30 g L -1 sucrose (Alan et al., 2003) .
In vitro observations and ploidy analysis
After one week of planting, callus formation, shoot and root formation were determined in cultures. Ploidy levels of gynogenic plantlets were determined by flow cytometry analysis using material from the youngest leaves of in vitro plants (Arumuganathan and Earle, 1991; Puddephat et al., 1999; Alan et al., 2003) .
Acclimatization of in vitro plants
In vitro plantlets with 3 to 4 leaves and growing in solid M4 medium were transplanted in 7.5 cm pots, covered with plastic bags for several days and transferred to a growth chamber set as described previously for 6 to 16 weeks. The bags were punctured at several points after 1 week to help plant acclimatization and were removed at the end of 2 weeks (Alan et al., 2003) .
Statistical analysis
The following variables were calculated: Number of explants forming callus (number/petri), rate of callus formation (%), number of explants forming roots and shoots (number/petri), rate of forming roots and shoots (%). All experiments were established according tofactorial designs in order to reveal the relationship between "genotype × culture method" and "genotype × medium composition". Tukey"s HSD (Honest Significant Difference) test was used to compare means of the different treatments. Analysis was made with JMP software package version 5.0.1.
RESULTS AND DISCUSSION
A total number of 22500 flower buds and 22500 ovaries from the two cultivars (Bayram 1 and Yakut) in 2011 and 20 250 flower buds from "Bayram 1" and "Yakut" and 1125 flower buds from "OH-1" in 2012 were cultured in vitro. Flowers opened and ovaries started swallowing after 4 to 6 days of culture. Flower buds and ovaries from onion cultivars developed callus on the flower base after 2 to 3 weeks.
The effect of culture method
First year experiment results showed that ovary culture was the least efficient and the most time-consuming procedure. The highest callus formation rate (36.28%) was obtained from flower bud culture in cv. Yakut (Table  1) . So, both higher callus formation rate and less labor for inducing it only used flower bud culture method in the second experimental year.
Effect of media composition
The effects of interaction between "genotype" and "media composition" on callus formation in the induction medium for flower buds and ovaries taken from "Bayram 1" and "Yakut" were statistically significant. Also, callus formation was observed in induction medium that have no auxin and cytokinin. Rate of callus formation increased with increasing doses of auxin and cytokinin ( Table 2 ). The highest callus formation rate was obtained from medium supplemented with 2 mg L -1 of 2,4-D and 2 mg L -1 of BAP in "Yakut" (46.32%) and "Bayram 1" (28.08%). Increasing the doses of auxin and cytokinin also increased the root and shoot development of explants. Root and shoot formation rate ranged between 66.55 and 11.02%. The highest rate of root and shoot formation were obtained from medium supplemented with 2 mg L -1 of 2,4-D and mg L -1 of BAP in "Bayram 1" (43.56%) and "Yakut" (66.55%).
One plantlet developed from callus of "Bayram 1" and 114 plantlets of "Yakut" have continued their development in elongation medium (EM). 41 plants of developed plantlets have 3 to 4 leaves of "Yakut" were planted in pots to acclimatize to the outside conditions. Unfortunately no plants were alive (Figure 1) .
According to the results of the first year experiment, 2 mg L -1 2,4-D + 1 mg L -1 BAP and 2 mg L -1 2,4-D + 2 mg L -1 BAP were used in induction medium in the second experimental year. The highest callus formation rate was obtained from BDS medium supplemented with 2 mg L -1 of 2,4-D and 2 mg L -1 of BAP in "Yakut" (50.84%). Also, the lowest callus formation rate was obtained from medium containing no auxin and cytokinin for all onion cultivars. The number of roots and shoots emerging from the callus was affected by auxin-cytokinin concentrations ( Table 3 ). The highest root and shoot formation rate (75.23%) was obtained from medium supplemented with 2 mg L -1 of 2,4-D and 2 mg L -1 of BAP in "OH-1". Only 3 plantlets of "Yakut" continued their development in elongation medium but they could not live.
Gynogenic plantlets of OH-1 emerged directly from the ovules rupturing the ovary wall unlike other onion cultivars used in experiment. 16 gynogenic plantlets obtained by flower bud culture were transferred to elongation medium. But, only 3 plantlets could be kept alive in this medium. Flow cytometry used to analyze the ploidy levels of healthy gynogenic plants have 3 to 4 leaves. One of the three plants analyzed was haploid; one was diploid and one plant was mixoploid (haploid and diploid cells) ( Figure 2) . Different factors such as genetic factors, including cultivar, donor plant genotype and geographic origin are thought to be the most important for the success of gynogenesis induction (Campion et al., 1992; Bohanec and Jakse, 1999; Chen et al., 2011; Anandhan et al., 2014) . Even if the studies about producing in vitro gynogenic haploid plant all conditions are fulfilled, there is no change of success because the species has no haploidy frequency. Therefore, rate of gynogenic haploid embryos, embryo quality and regeneration of plants from embryos obtained by gynogenesis varies according to species and varieties (Keller and Korzun, 1996; Michalik et al., 2000; Alan et al., 2004; Judkevieiene et al., 2005; Palmer and Keller, 2005; Reed, 2005; Cho et al., 2006; Kim et al., 2007; Chen et al., 2011; Murovec and Bohanec, 2012) . Therefore, it is necessary to determine the gynogenesis frequency of the study"s onion genotypes in future studies. The introduction genotypes identified as high gynogenic capacity in work conducted in other countries of varieties will be important to demonstrate the gynogenic potential of the study"s genotypes. Haploid plants could not be obtained from Bayram 1 and Yakut onion cultivars in both experimental years in this study but, haploid plant from OH-1 obtained from Prof. Dr. Michael J. Havey (University of Wisconsin) was produced; it served as a responsive control for extraction of gynogenic haploids of onion (Havey and Bohanec, 2007) . Due to the low number of plants and flower buds, 1125 flower buds of OH-1 were cultured in experiment. So only 1 haploid, 1 diploid and 1 mixoploid plant were obtained. Havey and Bohanec (2007) found an average rate of 12% of gynogenic capacity of OH-1 when the mother plant was grown in controlled conditions. Gynogenesis response of onion material depended on the culture media used. Also, media composition request to obtain gynogenic haploid plant in species and varieties of Allium may be different (Mukhambetzhanov, 1997; Murovec and Bohanec, 2012; Yarali and Yanmaz, 2013) . Plant growth regulators added to the culture medium have also significant effect on gynogenesis (Mukhambetzhanov, 1997; Bohanec, 2009; Murovec and Bohanec, 2012) . It is reported that different doses of 2,4-D as auxin and BAP as cytokinin are added in nutritional medium in studies of gynogenic haploid induction in onion (Campion et al., 1992; Geoffriau et al., 1997; Martinez et al., 1997; Alan et al., 2003 Alan et al., , 2004 Bekheet, 2004; Musial et al., 2005; Reed, 2005; Sulistyaningsih et al., 2006; Bohanec, 2009; Forodi et al., 2009; Chen et al., 2011; Yarali and Yanmaz, 2013) . Because of effective doses of auxin and cytokinins particularly affected by genotype, it cannot be given specific values for the concentration of auxin-cytokinin in medium (Keller and Korzun, 1996; Chen et al., 2011; Murovec and Bohanec, 2012; Yarali and Yanmaz, 2013) . In this study, 1 and 2 mg L -1 of 2,4-D and BAP combinations had been tried in induction medium. Explant development had been very little or not in induction medium that have no auxin and cytokinin. Whereas it was found that the number of explants increased with increasing doses of auxin and cytokinin. Combinations of 2+1 mg L -1 of 2,4-D+BAP and 2+2 mg L -1 of 2,4-D+BAP were more effective than other doses on growing flower buds and ovaries in onion cultivars ("Bayram 1" and" Yakut") in both experimental years. Similar results were obtained from OH-1 onion cultivar. Also gynogenic haploid plant was obtained from medium supplemented with 2 mg L -1 of 2,4-D and 1 mg L -1 of BAP. We could not obtain much number of haploid plants as in previous studies (Campion et al., 1992; Martinez et al., 1997; Michalik et al., 2003) .
Conclusion
This study aimed to obtain haploid plants via gynogenesis with onion cultivars, particularly from Turkey. But the methods used in previous study that was successful were not in the results of our study. Even so, this method actively used in other country onion breeding work is required to be used in the breeding programs. For this reason, this study provides guidance for researchers that determine the capacity of genotype that serves as a responsive control for extraction of gynogenic haploids of onion cultivars.
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